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Hydrodynamic Calculations of 20-TeV Beam Interactions with the SSC Beam Dump
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arrd N.V. Mokhov
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Abstract
‘fhe 300ps, 400 MJ SSC proton beam must be contained

when extracted m the exlcrnaf Ixarn dump. ‘The current rksign
for Ihe SSC beam dump can tolerute (he heat load produced if

lhc ham k deflected into a rmtt?r scan over the face of the
dump. If the high frequc[)cy deflecting magnet were to ftiil, the

beam would scan a single slrip wross the dump face resulting in
higher local energy dc~viiti(m. This could vaprn-ixe some nuiw.

riid and lead 10 high pr’cssurcs.
Since the beam duriltion is conqx~~blc to the characteristic

time of expected hydrodynamic rnutions, wc hww combined the
stdc energy deposition ~apilbility of tile MARS compuk?r CO(JC
with the two- and U~rec-di:l\e[~sit)l~;dhydntiy:]imlics of the

MIXA [uJ(fS1)IIINX ct)d~s. 1{OS (fii[iiStIggL*SIiit)energy &p)-
sition IJIIcshold of 15 kJ/~, twlf)w which I]ydr(dynarnic CITVC(S

are minimal, Ah)vc [his our 21) ~id~uliltiotls show iI hole h)riug
J’illC l)f 7 Clll/}lS for ll)C n(minal t~:illl, illl(l pIcssures of ii l“cW

kbar. Sc;umiug Ihc Il{mlillal bc;ml faslur tlum (),()8 cndps sh{mkf
nlinin]ixc hyrln~iyn:lmic efl’i’~’ts.?1) “;llCUlilliollSsuppm[ Ibis,

1, lNTRODUCT1ON”
‘Iwo- iIII(l U)rcc-tjlil)cl)sioll;i] Ilydr(niynwllic CillC(llill~OJIS

using Wry Iligh energy (’Ik V) f)ilJliC1l’dc[~~sili{m ilN rquird (()

Jllldl!m[:llld []lC till:lv’iol of (] IL’ SS(’ h’illll (! Ulllfl Ull(]Cr ilbllorltliil

killll UtMWtS. ‘I”i)l! dUIJll) iS L’JII’J’CJJIIY (k’higlld(l il~ ill) X[)() (’11)

k)l)~, 160 CIJI squ;lrc ret’[mlgtlt;w hl(wk of f’rcsw’d gr;lptlllc ‘11)1’
20 ‘ltV k’illll CJl[l’rS 11)(’ (lUlllfl ;Ibo(lt I) IIL’(’ ;1(lily thr(uj~:ll il (),2(’111

ill JL’k Ill;llllllll) W’IIJ(!{IW ‘1]11’ OI]ICI f’il(’l’S ill(’ <’011(:1111(’(! t)V illl :1111.

n)ilml]) u(n)lil~~! Vc\\cl FIII sill) plic’lly, tmr Jlttxlclillg ilppro Xi-

II); II(Y1 [I)Is strul’[urc :IS ii gI:Ipl)IIc I)lo(!k. N(mn;illy illl’ tx’:ul)
spot will tw r;lsll’r sc’;lllill’(~ ii(’ro\\ 1]1(’ t~’illll dlltllp f’iIL’c’, kccpillg

1]1(:[1’lll[)l%ltllrl’ of ltl~’(11111111tW]OW 13(H)K ]( 1]11’ SC{lllJJlll~ lJlil&-

11(’1S~illl, il WOIkl UilSC SCCIJilJlo illlI)WS [Ill’ IK’;IIII S~)[ 10 l~lllillll

a[ ii Sinl:l(’ loc’otioll,A”nl{)rc rl’:llktic L’:IMS IJUS SOJill” Iillcilr sIM)I

Jlll)tiol) :lt’ros\ 111(’ f,l(’(’, (1(1(’ lo l!lr’ (ho(q) of [Iic ki(”kcr 1{1:1}!11(’[

iif.’lil,

WL’ t’Itiist(lct :1 Iit)iili.(1 SCI 01” tWiiIII (ll:lrilcl(’rislils 20 ‘IFV
pJ~Jlt~ll\(!clivcld ill 2iN) Jt)iclt)\[’~”l)ll:!\ ill [W() 11111’llc(’s,

4 fXlo: ‘ 1111(] I OX Ioi’) IMOI(N)+I “1’11(’fil~l 1~(lIt’ lumLlt);Il S!i( ‘

dc\l J!l), 11)(’\{ ’( ’oll[l, ;1 1)1}111(.1 Villllr W(’ ll\rll [() Cxphllc W.’;II II1J!

{’ffl’t’1~,‘111[$ss( ‘ lli)~[lil(lt’(1(’~1~,1) Ilil’i il$l lIJI(’JIIICII I;I[(S [lll(’l)(+l! {

II JIICA IIW Ilolllllhll l~c( illl~(’ 01 [!1[’ loll}! (ll\l;lIli”c tl(llll llt(’ hit’kcl
Ill:lj:ll(’t 1{) till’ (hlllll). 111(’ A(:ll)(]ill(l (I CVI;III(MI 01 IIIC b{illll’s [I:lllf

VI:IW ( ;:iliiii:ttl I)tofilc tI:l\ cxlI; ;II(kM I(I ~) j 1’111
I’1(’lm)il):lly 1 I ) hy(lIIMly IIWItI( l’ill~’lll;lti(m~ wi[l~ lluNk(ul

(+lwlgy &P()\lll()ll\ 1(’(1 115 II) I’XIM’(’I 111111(11(’ 4(M) NI I (( ’lwl}!y

(.”(lllivil[(’llt 10 100” k}: (II ‘[”N”I’), (’IIJI!(I I); Iv(’ (’x~)lo,,ivc {’(:IIw’

(Itl(’lt(’rs ‘l~i[’ ~lll;llt \l)l)[ \l/($ (’lllli(l :IIW) k’:l(t to tMlllllfl :1 111,1(-

Ih!l)ll}!il Ml[l(l 111:1:(11:1111) It)(’ tW:l[ll I1;I[]I 10 \tll(!v’ itl(”\r [h.

Il(lllli’ll;l illl(! t{) F,II II!(’ 111(1’]1,11)1{’;ll (h’\l}~, Il\ [01 (’l)llfl(llllll~ t!l(”~.(’

rfll’( l\, W(’ \{lll/!lll Itll’li’; ll(’ ;I {I) I(y(lltkl}llwlll(’ (’()(1(’ Wlll(’11



It atlows fast cascade simuliltion wih modest memory requirc-
11M3)1$, providing the availability of complex geonwrrics with

composite rnwrials, presence of magnetic fickfs, imd a varkly
of scoring Possibilities. ‘1’oconstruct a cascade tree only a fixed
number of porticles fmm each vertex is chosen (four in

MARS 12), and in the simplest case uch car-tics a stil[isti~id
weight which is equal to the fmrtiat Inca] multiplicity of (hc

particular event. Energy and momentum are conserved on tk

avcra,qe over a nurnbcr of collisions.

MARS is well suited li)r use with a 3-lJ hydr(dyniunics
Cufc. II was easily m{tilficd Ii) atl{)w arbitrary matcrkrl densi-
lics, and runs quickly (five rninutcs of onc CRAY YMP pr{xxs-

sor can g:vc a meaningful calculati[m). Since MARS may be
U:ltll’d hundreds Of times in a Cill(’UlilliO!l, SpCCd WilS mrciiil.

1 Iowcvcr’ MARS {ml y needs hc calkxl by the hydrodynamic

code when Ulc distribuli{m of moss has CtliU1~U(f enough to

Change tk cnmgy deposition calculation. ‘1’his time hclwccn
MARS ~iil~t]liitiollswe ~stiniiltt(t iis ().2 (imcs tl)~ Miill] spoI
ridill!i ( ~ 0) divided by tht lliilXilllUll)rildi:d vchwi[y in the

dqx)si:i{w rcg.i(m. ‘I”his tinw s(cp C{mlr(d illloWC’dus 10 reduce
by l“:IcI(;s of”2 I() 10 IJ)C[111)(- SpII( in MA}{!;~iil~(ll~l[iol)s,
Ncvcrthclcss ;m ul](y~[]ll~ir.c(l21) MI XA/hf Al{S c:dclll;itl~m :it
l)ol]]ll)iillIu(’I)ccr~bq~lircd 12 ( ‘I?AY Yh41)cpuI]{mrs (i) r~ituli:1
tiillc (i 150 ~s

as a 800 cm long, 4 cm radius gra@iw cylinder. We sludicd
two beam flucnccs, 4.5x lo’’(l:igs. 1,2,3) and 1.Ox101[)pro-
l(ms,k with ox= UY= ().2 cm. }Jigurc 1 sht)ws the temperature

idong tk bC2J11 axis U1 20, 60, iUld 150 p:., ‘Illc’ curve ii:20 }1s
shows the ternpcr:itrrrc rise from energy dc~)sitioii in static.

homogenuws material, Milteri:d at the peak cnergy dcp)sition,
210 cm, lms just Vilpofi?.Cd, Ily 60 ps vaporirali(m ex(cnds
from 9010500 cm; by 150 p-s10 the cn(i of the dump, Figrm 2

at 60 ps Stll)W!i why l)cnsi!y on tixis h;LS been rc(luccd ullowillg

t.hcbeam (0 propagate fiarth inm lbe dump 1‘igurc 3 shows
the pressure cimsing this exfmrrsion iiWilyfriml the bearll ilXIS
Peak pressures of 1 U) 2 ktxrr are present not (rely :][ [his (inw,

but throlJghout ttx prohlcm. I“:igurc4 s1l(}wsthe dct ,sily v.lri;i -
iiun with rw)ius iu)dlungti)at2(! ps in :! S1’1lINX/hfA1tScill-
CUlillio I) (if ii 2 CM riKflUS cylinder ill IIigl) fluL’lICc. “1’l)L’LI.’;U’L!IOI)

Sh:lpc to lllc low dcnsi[y hole” is ~U[lIl[illi w’cly sin~lkw 10 111(”

Ml:.SA/MARS cafcul;~tion. ll~~il(ls~tS1’1IINXII;IL1 INII lncorpi)-

rat~d the Sc.swnc 1{()S, results dii’f’cr q~];ul[il:l[i\’~’ly,’ltlllp~’r[i -

(urc is iipproXilll;ilL’lyunif’(wm wllhill Ilw h)w dc[lsily rc:ioll,
tk pressure S(MI~~WIMIIt.+ s~).‘IIw hll:SA/h4Al{S cill~l]l:l[io[)
iit[IICn(m]inal irm’n~ity gives [rnipcru[url’s ()!”ilt~)t)[45(N) K
iil)dpr(’ssurcs of”1-’2 ktmr, Aii!](~(]gl) WN]W(>f (IIC gnlplii[c 1):1s
Mull v:lp(wi/cd, lhc’ (Iunlp Hllghl lx lkslgnlll 11)L’i)l)l:llll 1111’sl’

prcswrcs. At t.hchigh tlurliuc Ihc [limpcra[urcs wt. :d~tm( 11000
K ili)(lp:di pressures, 30-35 kt~iu, ‘1’hccxis[cnrc ()! :1~i “()S

Ilwcsllt)ld $Uggcs[r(l WC’Sh(ml(l ~c[ Iil(k’ lll~~li(ul Iwf : 1S}lj III
[]11’ 1)0111111:11LilM’ illlt[ ().7 )l\ f’t)f [lIL’ 1)1}1,1)f{lll’1lL’1’ I 111~W’:IS
ot)w’rvckJ III Ihc lal(’ul;iiioil~

‘Ilww c:d(’ul:l!l(~~ls sll(~w Illc SS(’ Iw:i[l) !iRl (h’po\IIIIl}! Il\

cll~’fp,y 1111(~L’(~lil niiil{’rull, WI IIL’11 :Is il cv; llx)r;ilc+ (’rl’ill~~ plc~.-

sl]r~’\ \)lwllIl)~ :111;IXI:II drIl\Ily Ih)k’ wlIIcl I l’xp:III(l\ OIIIW:II(I

]il’1’illJ\L’[111’(!l’IJSIIV1!,II)W01) ilXiS, [Ill’ Ihlllll lWllC[(il((’\ till[ll(’1

11)10 1111’(1(11111),Ilt’illlllj( lll-W Illill{’llill, illltl tMMlll~ ii ll(~lt’ II II{ JII)!II

1111’dUIIIp AI dir ;l(~[llii~;d II IICIIICQ III(’ IWI)CII:IIII)II r;i(( I\ ;ItMIII[

-1 t’111/}ls, :11 hly,ll 1111(.’ll(’c, “)() (’111/\i\ Sll)(’(’[11(’1:{’:111)\lllh(’s111(’
{11111111f“ol 4?()() llllllo\{’i’l) ll(l\, 111(’\l’ 1:1[1’s ;irr (111,1(’(’(’1)1:11)1(’

[V {1)( ’AI. (’111.AIIONS

‘l’Ill’ !W.llrl l.+ 111)1pl:llwl 1(1(Iw’(’11 11) (111(’S[)ol. !)11[ 1.1111(’1 1,1

lwlf(~!ill d ril>kit \L;III iILI(I\> III( (lIIIIIp I“:I(c I{v II II IV III}I. III(

tw;lnl (1( ’powlloil” 11)1{) fl(’sll, (“01(1 lll;ll(’1 1:11, [111’11(’[N)\lll(Ml Ill :IIIL

011(” I(}c’illlllli fl!l)ll!(l Ik’ lwl{)\v [Ill’ II II CJI)I)I(I I(II Ilv(lll )(lvll:lllll(’

(,ll(,14\ Ilv 1111(,}!l :11111!!111(, I:l[cl.11 (ll\lllt)l)ll\)l) of 1~.;llll (L[),$lt,y

(1(’po~,ill(lll IIvl’1 l:l(llll\ :1( 11)[”l)(l\lllol\ ()! [M,:lh (I(qhhllloll ,111(1

illllllyll l}’ [Ill’ llv,,ll t\lyll,lll\l(’ 11111’’dlol(l, W(’ 0111;1111 ;1 111111111111111

\(’.llllllll}! q)(’(’11 li(’l(\\v fill\ \~){,L’(1 Ilylll{ hlyll; lllll( [.111.( l,. ()( ’(11!

1’010111 110!11111,11Ss( ‘Ik’;llll{Ill}!l,qdlllc llll\ \lN’(’tl I\() os (Ill’

II’., 101 111}’tl 1111(.11(’(’, I I (’111/)l\

St) fill W(’ tlilv(’ 1)( ’11(1111)(’(1(Illlv !)1)(’ (’:11(’111;1(1011, \$’rlll

SI’ill NX. III ((.~t IIU(’C (l III IrII\It III; Il i[f((I\ 11)~1111. ~ \lI(I\\’

(11’ll,,llv :Ifl{’1 ,’()~l\ Wllll tll(’ IN’; III I ((11 (1, () ? ( Ill) \\\ ’(’L$llllll,

Ill (11(’ / 1111(’(llt)ll ;hl () ILI)I /n\ Itl)lllolt) )(111 ;111)1}1111111(’11({$

{\V(’11 lM’lIl\\ !Il!’ Il)lllillllllll ‘s(’;11)11111)’\lh’(’11) I 11(’ (1111111)l\ ‘,111111

1:111’(1Ily !1 yl.l[)llllc (’VIII I(II’: ! (1(111 !11 l;l(llll\ ;III(I.l(M) (III Il!ll},

A\ I’llx<( 1(’!1 1111’Ik’.llll ( ll”$ll(’\ :1 lll~lc Iwlw(’(’tl 1.’() .1’1111(~1 (Ill

;Ill{t ;!!! :16,Y1llllll’!II, ,11(’\ll,lll<,ll)ll 1(’I IIIWI, IIIII(’,, ,11[’1:’llllt {’{l l~\ .1

i:ltl(ll (II () l’f ( 01111),111’,!I(I [II(c 11(111lllII\lll}I th’:1111, ,11(Ili.1111111
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